INTRODUCTION Laparoscopic colorectal surgery is increasingly performed worldwide due to its multiple advantages over traditional open surgery. In the surgical treatment of right-sided colonic tumours, the latest technique is laparoscopic right hemicolectomy with complete mesocolic excision (lapCME), which aims to lower the rate of local recurrence and maximise survival as compared to standard laparoscopic right hemicolectomy (lapS).
INTRODUCTION
The use of laparoscopic surgery has been increasingly widespread, and more patients are undergoing laparoscopic surgery for the treatment of colorectal cancer. Laparoscopic colorectal surgery has been proven to be more advantageous than open surgery. The benefits include reduced length of stay (LOS) in hospital, earlier return of bowel function, as well as reduced blood loss and pain without any compromise to the quality of oncological resection and nodal yield. (1) (2) (3) (4) In rectal cancer surgery, the concept of total mesorectal resection (TME) that Heald RJ introduced has significantly transformed oncological outcomes.
(5-7) The underlying principle is that the rectal tumour is dissected in the plane between the embryologic mesorectal and parietal fascia (also known as the 'Holy Plane'). This enables tumour resection in a fascial and peritoneal lined envelope that also contains the draining lymphatics, lymph nodes and blood vessels through which the tumour may spread, hence minimising local recurrence rates and improving survival.
Traditionally, the operation of choice for right-sided colonic cancers is a right hemicolectomy. Surgeons who specialise in laparoscopic colorectal surgery typically perform a standard laparoscopic right hemicolectomy (lapS). Using the principles of TME in rectal surgery, this concept was extrapolated to colonic surgery, from which the technique of performing a complete mesocolic excision (CME) with central vascular ligation (CVL) in the resection of colonic tumours was derived. CME with CVL, a technique pioneered by Hohenberger et al, (8) is based on the dissection of the mesocolon along the embryological planes, resulting in resection of colon and mesocolon specimens lined by intact fascial lining containing the tumour and blood vessels, lymphatic vessels and lymph nodes. The idea behind CME is that by resecting the tumour with clear margins and in an intact mesocolic envelope, it will minimise the chance of remnant metastatic tumour being left behind. CME also ensures that lymph node harvest is maximised. Overall, the CME technique seeks to minimise local recurrence and increase survivability.
However, CME for right-sided colonic tumours is known to be particularly demanding technically, as dissection takes place along major mesenteric vessels that have variable anatomy. In this article, we review a case series, comparing patients who had undergone laparoscopic right hemicolectomy with CME (lapCME) with patients who had undergone lapS, with the aim of determining the feasibility and safety of lapCME.
METHODS
The medical records of all consecutive patients with neoplastic lesions in the right colon who underwent laparoscopic right hemicolectomy between 1 January 2012 and 30 September 2015 at the Department of Colorectal Surgery, Singapore General Hospital, were included in this study. All procedures were Initial experience of laparoscopic right hemicolectomy with complete mesocolic excision in Singapore: a case series performed by a single surgeon (Ng CY) . This study was approved by our institution's review board.
Prior to surgery, all the patients had undergone endoscopic evaluation of the lesion, as well as staging with computed tomography of the chest, abdomen and pelvis. Right colonic tumours were defined as all colonic tumours that arose proximal to the splenic flexure. The following were the exclusion criteria: presence of distant irresectable metastasis; synchronous or double primary cancer; cancer related to hereditary syndromes such as familial adenomatous polyposis or hereditary nonpolyposis colorectal cancer; and background of inflammatory bowel disease or any operation performed in an emergency setting.
We retrospectively reviewed patients' medical records, including demographic data such as age, gender and comorbidities, and surgical factors. The primary endpoints included oncological outcomes, tumour stage, clear margins and lymph node yield. We also investigated clinical outcomes, including duration of operation, time taken for bowels to open postoperatively, time taken to resume a solid diet postoperatively, LOS and postoperative complications. Complications were graded according to the Clavien-Dindo classification system. (9) Pathology results were reported according to the sixth edition of the AJCC (American Joint Committee on Cancer) Cancer Staging Manual.
All statistical analyses were performed using SPSS version 14.0 (SPSS Inc, Chicago, IL, USA). Categorical data, such as gender and tumour stage, was analysed using chi-square test, while numerical data was assessed using the t-test. All statistical tests were assessed at the conventional 0.05 level of significance.
The following is a description of the surgical technique. In lapS, the camera port is placed through a subumbilical midline incision. A total of four 5-mm ports are inserted at the right/left hypochondrium and right/left iliac fossa. An assistant applies traction on the bloodless fold of Treves, which enables the ileocolic vessels to be tented laterally. Next, the ileocolic pedicle is dissected free and ligated either with a laparoscopic linear stapler or an energy device. However, the origin of the ileocolic pedicle from the superior mesenteric artery/superior mesenteric vein (SMA/SMV) is not exposed; ligation of the pedicle is performed intracorporeally at a proximal location determined by the surgeon. After ligation of the ileocolic pedicle, the mesentery is dissected to the second part of the duodenum. From this point, mobilisation proceeds in a medial to lateral direction, and the head of the pancreas is not exposed. If the right colic pedicle is present, it is ligated at the level of the second part of the duodenum. Lateral mobilisation of the bowel is performed from the ileum to the proximal transverse colon to release the remnant attachments of the bowel from the retroperitoneum. The tumour is then exteriorised via a mini-laparotomy wound. After exteriorising the tumour, the right branch of the middle colic pedicle is ligated along with the exteriorised colonic mesentery; its origin to the middle colic pedicle is not dissected free. The tumour is then resected and anastomosis is performed extracorporeally in an antiperistaltic side-to-side fashion using linear staplers. LapCME is routinely performed by the surgeon in the following manner. A 10-mm camera port is placed through a subumbilical midline incision. This incision is later extended for specimen extraction. Pneumoperitoneum is created and the abdominal cavity is explored with a 30-degree laparoscope. The surgeon operates on the patient's left side, and 5-mm working ports are inserted as per lapS. The patient is placed in a steep Trendelenburg position and right-side up. Initial dissection is performed inferiorly at the base of the ileal mesentery, with dissection performed between the ileal mesentery and retroperitoneum. The assistant grasps the bloodless fold of Treves at the ileocecal junction to stretch up the mesentery towards the right lower quadrant. An advanced energy device can be used to facilitate dissection.
Following that, mesocolic plane dissection proceeds in the cephalad plane until the C loop of the duodenum and pancreatic head is exposed. Fig. 1 shows the visualised structures following an adequate mobilisation of the right colon. Next, a CVL is carried out, beginning with dissection of the ileocolic vessels at their origin; the ileocolic vessels are ligated with 5-mm clips and transected. The CVL proceeds in a cephalad direction to further dissect and ligate the right colic artery (if present) and middle colic pedicles (always present). Traction is then applied inferiorly on the colon and the lesser sac is entered. The right gastroepiploic vein is traced to its confluence with the right colic vein (RCV) and, at this juncture, the surgeon is able to identify the location of the gastrocolic trunk (GCT) of Henle. Just before it joins the right gastroepiploic vein, the RCV is ligated.
Subsequently, the proximal transverse colon is retracted inferomedially. A lateral to medial colonic mobilisation is performed to release the remaining colonic attachments from the retroperitoneum. The right hemicolon and tumour are exteriorised through a midline mini-laparotomy wound; the tumour is then resected and a functional end-to-end ileocolic anastomosis is performed in the usual fashion.
RESUlTS
A total of 25 patients formed the basis of this study. Nine patients (three male, six female) underwent lapCME and 16 patients (six male, ten female) underwent lapS. The mean age of patients in the lapCME group and lapS group was 69.6 years and 71.9 years, respectively. Table I shows the demographics of the patient cohort. All the patients had neoplastic lesions involving the right colon. Four patients had previously undergone abdominal surgery -lapCME group: open appendicectomy (n = 1) and open hysterectomy (n = 1); lapS group: laparoscopic cholecystectomy (n = 1) and open right ovarian cystectomy (n = 1).
Pathological assessment of the resected specimens of patients who underwent lapCME revealed two patients with Stage I, four with Stage II and three with Stage III disease. One of these patients had Stage II medullary carcinoma, while the rest had adenocarcinoma. In the lapS group, the number of patients with Stage I, II, III and IV disease on histology was one, eight, three and one, respectively. The patient with Stage IV disease was classified as such based on the presence of a solitary liver metastasis; following lapS, this patient underwent adjuvant chemotherapy and subsequent curative liver resection. In the lapS group, there were 3 (19%) patients whose final histology showed non-malignant disease; two patients had tubular adenoma with low-grade dysplasia and one patient had tubulovillous adenoma with high-grade dysplasia). The number of lymph nodes harvested in the lapCME group was significantly higher than in the lapS group (29 ± 15 vs. 19 ± 6; p = 0.02; Table II) . Table III shows the various clinical outcomes of the cohort. Operation time in the lapCME group was significantly longer than in the lapS group (mean 237 ± 50 minutes vs. 156 ± 46 minutes; p = 0.0005). None of the cases required conversion to open surgery. Postoperatively, the mean time for bowels to open was four days for lapCME patients versus three days for lapS patients (p = 0.0075). Both LapCME and lapS patients required an average of four days to resume a solid diet postoperatively and six days of hospital stay before discharge. No major intraoperative complications were encountered in either arm. There were also no mortalities, anastomotic leaks or re-operations. In the lapS group, two patients developed intra-abdominal collections.
The first patient was a 69-year-old who presented with anaemia and was subsequently noted to have an ascending colonic mass on colonoscopy. Histology showed foci of highgrade dysplasia. The patient underwent an uneventful lapS and was discharged home on postoperative day (POD) 4. On POD 34, the patient was re-admitted from the clinic after complaining of right-sided abdominal pain. Physical examination showed tenderness in the upper right abdomen. Inflammatory markers were elevated. Computed tomography of the abdomen and pelvis (CTAP) showed a 4.7-cm fluid collection in the subhepatic space with no free intraperitoneal air present. The patient underwent radiological percutaneous drainage of the intra-abdominal collection where 30 mL of pus was drained, and received intravenous antibiotics for seven days. The patient recovered uneventfully and was subsequently discharged well.
The second patient was a 63-year-old who was diagnosed with adenocarcinoma of the ascending colon, for which an lapS was performed. The operation was uneventful. The patient was discharged well on POD 4, but was re-admitted on POD 30 for right flank pain. Subsequent CTAP showed a 2.0-cm fluid collection adjacent to the ileocolic anastomosis with no free air present on imaging. The patient was managed conservatively with antibiotics, and the pain resolved. The patient was subsequently discharged well.
DISCUSSION
The basic tenet in the curative surgical treatment of colorectal cancer is resection of the primary tumour along with its accompanying blood supply, lymphatics and lymph nodes with an adequate bowel resection margin. Over the last 20 years, the focus of advancement in colorectal cancer surgery was mainly the management of rectal carcinoma with standardisation of surgical approaches and techniques. As a result, local recurrence and overall survival in rectal cancer have improved greatly. Studies have shown that standardisation in surgical techniques reduces rates of local recurrence and improves surgical outcomes. (10) (11) (12) (13) (14) However, it has also been observed that the survival rates for colon cancer have only improved modestly in the last two decades. In fact, some studies have reported that disease-free survival rates for rectal cancer have surpassed those for colon cancer. (15, 16) The central idea behind TME is that with meticulous dissection, rectal resection can be performed with a preserved mesorectal fascia. CME follows a similar concept. During CME, sharp dissection is performed in the potential space (also known as Toldt's space) between the mesenteric plane and parietal plane of the retroperitoneum. This results in the removal of the mesentery within a complete envelope of mesenteric fascia and visceral peritoneum, which contains all lymph nodes draining the tumour. Next, a CVL is performed to completely remove all lymph nodes along the draining vessels and, finally, resection of an adequate length of bowel is performed to remove the involved pericolic lymph nodes. In CME of right-sided colonic tumours, mobilisation of the mesocolon is more radical than in a standard resection. By exposing the head of the pancreas and the anterior surfaces of the SMV/SMA, the origins of the ileocolic and middle colic pedicles are dissected out, thus allowing ligation of the tumour's feeding vessels to be performed at the origin. During a 'standard' right hemicolectomy, the pedicle is usually ligated at a proximal location that is convenient to the surgeon. CME holds several benefits over standard surgery. Hohenberger et al, (8) who pioneered CME in the West, showed that the technique yields excellent disease-specific survival and low local recurrence rates. Their series compared 1,329 patients who underwent colonic resections for cancer over three time periods. In the third and latest time period, surgery was carried out in their unit using a standardised CME technique; the recurrence rate was found to have dropped from 6.5% to 3.6%, while the five-year cancer-related survival rate improved from 82.1% to 89.1%. The study further demonstrated that a lymph node count > 28 was significantly associated with improved survival in patients with node-negative disease. An Australian study conducted by Bokey et al (17) had used a similar study design that compared patients over two time periods, with the latter period corresponding to the time where the institution started performing CME and CVL; marked improvements were seen in the five-year overall survival from 48% to 63% and disease-specific survival from 66% to 76%.
In Asia, particularly Korea and Japan, many colorectal units that have performed colonic surgery by adopting the concept of D3 lymphadenectomy, which has very similar principles to CME and CVL, have reported remarkable results. (18) (19) (20) Advocates of CME argue that it results in a higher nodal yield compared to standard surgery, thus leading to improved accuracy of staging and greater survival benefits. (21) (22) (23) (24) In a large case series specific to right hemicolectomies, West et al reported a greater average nodal yield of 31.3 nodes for CME, as compared to that of 20 nodes for conventional right hemicolectomy. (24) Similarly in our case series, we demonstrated a significantly greater number of lymph nodes harvested using lapCME compared to lapS. Additionally, as skip metastases to apical nodes occur in 0.8%-2.0% of cases, (22, 25) it has been proposed that adherence to CME/CVL techniques ensures that apical skip lesions are removed in the event that they occur. (26) (27) (28) CME can be successfully performed via laparoscopic surgery with comparable oncological outcomes. (29) (30) (31) In a randomised trial comparing laparoscopic and open CME, Yamamoto et al (32) reported improved short-term outcomes, including lower complication rates and shorter LOS in the laparoscopic group.
Recent studies comparing standard laparoscopic versus open right hemicolectomy have reported an LOS of 6-13 days. (33) (34) (35) (36) (37) In our study, the average LOS for both the lapCME and lapS groups was six days, which is on the lower end of the spectrum reported in the current literature. This suggests that lapCME patients can still benefit from a short LOS despite having undergone a more extensive surgical procedure.
It is well recognised that CME is a technically challenging procedure with much of the dissection occurring in close proximity to major vessels such as the SMV and middle colic artery. The difficulty of the procedure is further increased when done laparoscopically. Recent studies comparing standard laparoscopic versus open right hemicolectomy showed that the average duration of operation for the former was 107-207 minutes. (33) (34) (35) (36) (37) Likewise, this was reflected in our study; while the time of lapS was in keeping with those reported in the current literature, the average time taken to perform lapCME was significantly longer at 237 minutes. Our data also showed that lapCME patients took a significantly longer time (four vs. three days) to have their first bowel movement after surgery. This is possibly due to the increased duration of operation for lapCME, and more dissection around the duodenum and pancreas. However, we found no difference in the time taken for patients to resume a solid diet postoperatively.
Questions have been raised about the significant risk of postoperative complications following CME. Recent studies have shown that CME carries a postoperative morbidity rate of 5.7%-19.7%. (38, 39) Some studies have also reported that CME is associated with more intraoperative organ injuries and severe complications compared to standard surgery. (40, 41) Of note, there is a significant risk of injury to the SMV during CME right hemicolectomy, especially when dissecting around the pancreas, due to the anatomic complexity and vascular variations. (42) The ileocolic vein is a vessel that is always present and drains into the SMV. However, there are numerous vascular anatomical variations involving the RCV, accessory RCV (if present), middle colic vein and GCT. One common variant is when the GCT is a single trunk with the right gastroepiploic vein and RCV both draining into the GCT. In terms of arterial anatomy, the ileocolic artery passes anteriorly to the SMV 50% of the time and posteriorly to the SMV. Likewise, the right colic artery (if present), passes anteriorly to the SMV 50% of the time after branching out from the SMA. Due to these variations, lapCME is made much more challenging, as each branch needs to be identified with certainty prior to ligation. Fig. 2 shows an illustration of one of the more common variants of the vascular anatomy. Inadvertent injury to major mesenteric vessels could lead to significant postoperative morbidity and mortality. Fortunately, most of our patients recovered uneventfully after lapCME, and our surgical team did not encounter any major intraoperative complications. Furthermore, none of our patients developed anastomotic leak or required re-operation.
Opponents of CME also argue that there are too many confounders in the current literature to make any definite conclusions regarding the oncological benefits of CME -the most prominent confounder being the effect conferred by standardised adjuvant chemotherapy regimes, which plays a significant role in the satisfactory results achieved by many CME surgeons. We recognise that, apart from the small sample size, the retrospective design of this study made it prone to bias. However, the singlesurgeon design of our study served to overcome the surgicalrelated confounders.
In summary, the present study is one of the first in the region to examine the use of laparoscopic CME in right hemicolectomy. We have shown that lapCME can be safely performed with satisfactory results, and minimal complications and postoperative sequalae. Due to its low morbidity, we opine that extended lymphadenectomy is only beneficial for patients undergoing oncological surgery. We hope that this initial data will serve as a foundation for more research on this topic in the future. 
